Summary. Islets of Langerhans from NMRI-mice were kept for one week in tissue culture in medium supplemented with human serum obtained from either normal healthy subjects or newly diagnosed juvenile diabetic patients before insulin treatment. Islets cultured in diabetic serum released more insu, lin than islets cultured in normal serum, whether tissue culture medium 199 with 5.5-8.3 mmol/1 glucose and 10% serum, or culture medium RPMI 1640 with 11 mmol/1 glucose and 0.5% serum were used. Islets kept for one week in culture with diabetic serum did not show any decrease in DNA content or glucose induced insulin secretion and biosynthesis. It is concluded that serum from newly diagnosed insulindependent diabetic patients stimulates insulin release from isolated mouse islets kept in tissue culture. The underlying mechanism is unknown.
The initial events in the pathogenesis of diabetes meltitus leading to impairment of the beta-cell function are not known. Provoking factors, such as infection, stress, or diet may induce hormonal, metabolic or immunological changes, which affect the function of the beta-cell. Depending on the genetic background, the result may be an impairment and atrophy of the beta-cells. Development of methods for isolation and maintenance in tissue culture of islets of Langerhans for long periods [3] made it possible to study not only acute effects but also chronic effects of metabotites and hormones on insulin secretion and biosynthesis in vitro.
Since it may well be that the initial diabetogenic event is reflected in changes in the blood composition of diabetic patients, the present study was undertaken to determine whether serum from newly diagnosed patients with insulin-dependent diabetes mellitus before treatment contains factors capable of influencing beta-cell function.
In the conventional islet culture system with medium t99 or RPMI 1640 supplemented with calf serum, the calf serum was replaced with serum from either normal human subjects or diabetic patients. However, since the gluc.ose concentration has been shown to have a strong influence on the beta-cell function [1], the medium was corrected for any differences in glucose concentration between normal and diabetic sera.
Materials and Methods

Sera
Control sera were collected from 5 normal female and 5 normal male subjects. Diabetic sera were collected before insulin treatment from 10 consecutively newly diagnosed insulin-dependent diabetics aged 15-34 years. Their metabolic data as given in Table I . All sera, except no. 5 and 6 which were too lipaemic, were sterilized by filtration (Millipore Millex 0.22 ~tm) and stored in aliquots at -20 ~ Because of limited supply of some of the sera not all of them were tested individually in all types of experiments. In some experiments pooled sera were employed, either of 10 normal females (no. 1) or 10 normal males (no. 2) or pools mixed of two parts no. 1 and three parts no. 2 (N-pool) or equal parts of the diabetic sera no. 4, 8, 9, 10 and 12 (D-pool) having the same sex distribution.
Insulin Degradation
The degradation of insulin in the culture medium was tested by adding 100 ng/ml mouse insulin to the media supplemented with 10% of either N-pool or D-pool and following the immunoreac-0012-186X/81/0020/0060/$01.20 Table 1 . Metabolic parameters of normal and diabetic sera. Sera 1 and 2 were pools from 10 normal (N) females (f) and males (m), respectively. Sera 3 to 12 were individual sera taken from I0 consecutive newly diagnosed, insulin dependent diabetics (D) before insulin treatment. Corticosteroids were determined by a fluorometric method [22] and islet cell antibodies of the IgG class determined as described by Bottazzo et al. [6] . + + : strongly positive, + : positive, -: negative, n. 
Islet Culture
Islets of Langerhans from male NMRI mice starved overnight were isolated by the method of Andersson and Hellerstrrm [3] . The fine-cut pancreases were treated with I0 mg/ml collagenase (Type I, Sigma Chemical Company, St.Louis, Mo., USA) in Hanks' Balanced Salt Solution (Flow Laboratories, Irvine, Scotland, UK) supplemented with 25 mmol/l HEPES (N-2-hydroxyethylpiperazine-N'2-ethane) (pH 7.4) for 10-15 rain by hand shaking, or with 1.5 mg/ml collagenase for 15-20min in a mechanical shaker at 37~ After harvesting with a braking pipette under stereo microscope the islets were placed in plastic tissue culture dishes (NUNC, Roskilde, Denmark) containing medium 199 (Flow) with or without 5.5 mmol/1 glucose depending on the desired final glucose concentration; the islets were allowed to attach to the bottom. The medium was supplemented with 10% normal or diabetic serum. In some experiments the islets were placed in bacteriological Petri dishes (NUNC), not allowing attachment of islets, with culiure medium RPMI 1640 (Flow) containing I1 mmol/t glucose and supplemented with 0.5% normal or diabetic serum. All incubations were carried out at 37 ~ in a humidified atmosphere of 5% carbon dioxide.
The culture medium was changed on day 3 and 5, and insulin determined by radioimmunoassay (RIA) employing either the double antibody method [12] or ethanol precipitation [14] with mouse or rat insulin (Novo Research Laboratory, Copenhagen, Denmark) as standards.
On day 7 the islets were harvested either directly or, when attached, after scraping with a "rubber policeman" (Quickfit, Staffs., UK) to determine the content of insulin and DNA [10] , or to be used in short-term incubations to study release and biosynthesis of insulin.
Insulin Secretion
Groups of 10 islets were placed in small glass cups with 300 ~tt Krebs-Ringer-bicarbonate solution containing 0.2% human serum albumin (Behringwerke, Marburg, Germany), and 5mmol/1 theophylline supplemented with 2.5, 10 or 20 mmol/l glucose. The glass cups were placed in 25 ml stoppered glass vials previously gassed with a mixture of 95% oxygen and 5% carbon dioxide. They were placed in a metabolic shaker at 37 ~ for 2 h, when the medium was decanted for determination of insulin.
Insulin Biosynthesis
Groups of 5 islets were placed in small cups containing I00 ,ul phenylalanine-free Eagles minimal essential medium (Gibco BioCult Ltd., Paisley, Scotland, UK) supplemented with 16.7 mmol/1 glucose and 3.7MBq/ml [3H]-phenylalanine (Radiochemical Centre. UK). After 2 h of incubation the islets were homogenised and the incorporation of radioactivity in insulin and proinsulin determined by a solid phase assay [5] .
Results
When islets were cultured in medium 199 containing 10% serum from either 10 normal individuals or 7 newly diagnosed diabetic patients (sera 4, 5 and 6 not tested) at 8.3 mmol/l glucose the insulin release was ~ay" 5-7
Fig. 1. Effect of normal and diabetic sera on insulin release from mouse pancreatic islets cultured in medium 199 with8.3 retool/1 glucose and 10% serum (upper panel) and medium RPMI 1640 with 11 mmol/l glucose and 0,5% serum (lower panel). In the upper panel each of the ten normal (N) sera and seven diabetic (D) sera (no. 3, 7, 8, 9, 10, 11 and 12) were tested in two separate experiments, and the insulin release was calculated as per cent of the mean total insulin release from the islets cultured in the normal sera within each experiment (100% correspond to 49.1 ng insulin per islet in 7 days). By day 3, 5 and 7 the islets cultured in diabetic sera had released significantly more insulin than those cultured in normal sera (p < 0.01, Wilcoxon test). In the lower panel five normal sera were compared with six diabetic sera (no. 7, 8, 9, 10, 11 and 12) in two separate experiments and the insulin release was expressed as above (100% correspond to 109.1 ng insulin per islet in 7 days). The insulin release from the islets cultured in the diabetic sera was significantly higher than from those cultured in normal sera at day 5 and 7 (p < 0.01, Wilcoxon test), while no significant difference was found on day 3 significantly higher from the islets kept in the diabetic serum than from those in normal serum (Fig. 1,  upper panel) . The stimulatory effect did not seem to depend on the culture medium since an increased insulin secretion was also seen when 6 of the diabetic sera were compared with 5 of the normal sera added to medium RPMI 1640 at a concentration of only 0.5% (Fig. 1:  lower panel) .
In another series of experiments each of the lC diabetic sera were compared with a pool of normal sera of the corresponding sex at the glucose concentration resulting from the actual content of the sera added to medium 199. The insulin release from the islets kept in diabetic sera was in all cases higher than from the control islets (Fig. 2) . Islets in medium containing normal serum (N-pool) were incubated at glucose concentrations varying from 5.5-8.0 mmol/l (Fig. 2) . The shaded area indicates the expected 95% confidence limits for the insulin release of islets cultured in individual normal sera, as predicted from the coefficient of variation of the data in Figure 1 . Over the span of glucose concentrations all diabetic sera but one (no. 4) induced a significant increase in the insulin release.
There was no difference in DNA-content between islets cultured in diabetic and normal sera, but a small reduction (p < 0.02) in the insulin content after culture in diabetic serum was noted (Fig. 3) . The increased release and lower insulin content resulted in an increased to content ratio after exposure to diabetic serum.
The ability of the islets to synthesize insulin after the culture in diabetic sera seemed riot to be impaired (Table 3) . In one serum sample (no. 3), however,,the insulin synthesis was lower than .in. the others, although there was no reduction in % of total protein synthesis. It is notable that serum sample no. 3 had a high titre of islet-ceU antibodies.
In another series of experiments (Table 4 ) the islets were cultured in medium 199 supplemented with 10% N-pool or D-pool and adjusted to 6.4 mmol/1 glucose. Not only was the release of insulin to the culture medium higher in the presence of diabetic serum, but there was also an increased release in response to 2.5, 10 or 20 retool/1 glucose with 5 retool/1 theophylline after one week in tissue culture,
Discussion
The increased insulin concentration in the culture media containing diabetic serum was apparently not caused by a difference in insulin degradation rate since no degradation of added insulin could be detected in medium supplemented with 10% normal or diabetic serum (Table 2) .
At the concentrations employed the stimulation by diabetic serum does not reflect a/3-cell destruction since DNA-content (Fig. 3) , insulin biosynthesis Effect of normal and diabetic sera on DNA and insulin content of mouse pancreatic islets cultured for one week in medium 199 with 8.3 mmol/l glucose and 10% serum (el. Fig. 1 upper panel). No significant difference was found in the DNA content of the islets cultured in normal and diabetic sera, while the insulin content was lower in the islets cultured in diabetic sera (p < 0.02, Wilcoxon test) (100% of the DNA and insulin content correspond to 31.6 and 24.0 ng per islet, respectively). When the insulin release to the medium given in ng per islet per week was expressed per ng islet insulin content the islets cultured in diabetic sera produced significantly more insulin than those cultured in normal sera (p < 0.01, Wileoxon test) (Table 3 ) and insulin response to glucose and theophyUine (Table 4) were unaffected or stimulated. In contrast to dispersed islets cells from non-inbred ob/ ob mouse islets [20] the present islet culture system did not seem to be sensitive to the/3-cytotoxicity of serum from both normal and diabetic human sub- Table 3 . Incorporation of 3H-phenylalanine into proinsulin and insulin of islets cultured in normal and diabetic sera. After one week, islets were harvested and incubated for 2 h in phenylalanine-free medium supplemented with 3.7 MBq/ml [3H]-phenylalanine and 16.7 mmol/1 glucose. The results are given as mean _ SEM of 4 individual experiments. The first column shows the radioactivity in the proinsulin-insulin fraction bound to the immunosorbent, and the second column shows this fraction expressed as a percentage of the total radioactivity in the TCAprecipitated proteins (total protein synthesis) jects. Under similar conditions as those described here, we could maintain the d-cell function of isolated islets for up to two years [23] .
In isolated rat islets Hahn et al.
[11] found a positive correlation between the capacity of diabetic sera to stimulate insulin release and the insulin-antibody titre of these sera. This does not seem to be the case in the present experiments, since none of the patients l was given insulin and was therefore presumably without insulin antibodies. It is note-worthy that the isletsl cultured in serum no. 3 had a lower rate of insuli~ and protein biosynthesis, since this serum showed a! Since several metabolic and hormonal parameters are abnormal in untreated diabetics, their possible fl-cell stimulating effect should be considered. Although Andersson [1] showed that exposure of islets to high glucose concentrations for one week resulted in a lower maximal secretory rate "in response to glucose, a somewhat elevated glucose concentration seems to be beneficial to the long-term preservation of the fl-cell function in vitro [2, 9, 23] . However, the insulinotrophic effect of the diabetic sera was present even after the correction for differences in glucose concentration (Figs. 1 and 2) . The apparent discrepancy between the increase in insulin content of the islets after culture in diabetic serum at 6.4 mmol/1 glucose (Table 4 ) and the decrease after culture at 8.3mmol/1 glucose (Fig. 1) may be explained by our unpublished observations that a rate of insulin synthesis is obtained at a maximal glucose concentration lower than that necessary to induce a maximal rate of insulin release.
3-hydroxybutyrate is known to stimulate insulin secretion but no obvious difference was observed in insulin secretion of islets cultured in diabetic sera containing high and low 3-hydroxybutyrate (Table 1) .
Several investigators have found evidence of an insulin releasing factors of hypothalamic-pituitary origin [4, 15, 17, 21] . Serum growth hormone is elevated in diabetic patients before insulin treatment [13] , and high concentrations (1 ~tg/ml) of human growth hormone stimulate insulin release from mouse islets maintained in tissue culture [24] . Since the serum effect remained even after a twenty fold dilution the stimulatory effect of diabetic serum seems not to be readily explained by serum growth hormone. Weereasinghe and Bornstein [25] recently reported that C-terminal fragments of growth hormone potentiated glucose-stimulated insulin secretion from isolated islets, having earlier proposed that a C-terminal fragment was responsible for the insulin ant~igonistic effect of ultrafiltrates of sera from untreated juvenile diabetic patients [26] . Since intestinal hormones also stimulate insulin release [16] the occurrence of such peptides in the diabetic sera should be considered.
Finally, the adrenocorticoid hormones are known to contribute to the development and function of the endocrine pancreas in vitro [18] and we found recently that addition of hydrocortisone to isolated islets in culture resulted in an enhanced release of insulin [7] . R is. possible that the elevated total corticoid content of the diabetic sera contributes to the insulinotrophic effect.
